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INFUSION PUMP WITH PRESSURE REGULATOR 
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pressure can degrade in elastic chambers made of latex, isoprene, silicone, and other elastomeric 
materials. This pressure relaxation can approach 50% in elastomeric chambers that are inflated 
for a day. Since liquids are pressurized in these chambers for periods greater than a day the 
pressure decay over time becomes significant. 
5 Springs have also been used to pressurize the drug contained within an infusion pump. 

U.S. Patent 4,772,263 to Dorman, et al, discusses the use of a flexible spring diaphragm to 
pressurize the fluid contained within the pump. By properly selecting the segments of the spring 
diaphragm a relatively constant pressure can be obtained for a portion of the volume delivered 
from the pump. However, there are significant portions of the pump volume that are delivered at 
10 either a higher or lower pressure as shown in the force versus deflection curve for this pump 
contained in their patent. 

US Patent 5,346,476 to Elson is another example of a spring driven plunger applied to a 
^ fluid filled bladder. This patent attempts to maintain the delivery pressure constant by using 
y3 springs having a change of force over their expansion range. 

s| 5 Again, the above prior art suffers from the disadvantage that the external geometry of the 

— pump is constrained to the geometry of the spring diaphragm. Since this geometry is usually 

W round, pumps produced using this means of pressurization are shaped like hockey pucks. Further, 

yl 

g * the volume of these pumps is usually limited to small volumes since the deflection of the spring 
4f diaphragm is limited to small movements. As the volume of the pump becomes greater the 
R20 volume of the fluid delivered at a non-constant pressure becomes greater. 

B There are other methods for pressurizing a fluid contained within a pump where the design 

1=1 is not constrained by geometry. One of these methods is exemplified by U.S. Patent 3,73 1,681 to 
Blackshear, et al, as well as similar patents, which discloses an infusion pump that uses a 
liquid/vapor equilibrium to maintain a constant pressure on the fluid contained within the pump. 
25 The equilibrium condition for the liquid/vapor equilibrium in these pumps is extremely sensitive to 
temperature and pressure changes. For example, the pressure on the fluid contained in the pump 
changes approximately 0.5 psi for each degree Fahrenheit change. Assuming an 8 psi delivery 
pressure, a 25% increase in pressure would be obtained by a temperature increase of 4° F. 

The above, and similar, prior art all try to control the delivery pressure of the fluid pump 
30 by controlling the fluid pressurizing means. This generally is not effective in producing a constant 


2 


delivery pressure over the entire outflow volume of these pumps. A more effective means would 
be to control the pressure inside the pump directly. 

U.S. Patent 4,718,893 to Dorman, et al, discusses the use of a pressure regulator to 
maintain the liquid held within the drug pump at a constant pressure. The pressure regulator 
consists of an expansible chamber, which changes volume based on the pressure within the drug 
chamber so as to maintain the entire volume of drug in the pump at a constant pressure. This 
concept works for small volume drug pumps where the pressure prior to regulation is near 
constant. However, it is impractical for large volume pumps where significant pressure changes 
are involved as the volume inside the pump varies from filled to near empty. 

In order to overcome the need to maintain a constant pressure on the bulk of the fluid 
contained within an infusion device, it would be desirable to have a pressure regulator that 
maintains the fluid delivered from the infusion pump at a constant pressure. Such a pressure 
regulator would allow the fluid contained within the infusion device to be pressurized by any 
means, to be maintained at any pressure greater than the delivery pressure, and would free the 
constraints on device geometry. 

SUMMARY OF THE INVENTION 

The present invention relates to an apparatus and method for controlling the pressure of a 
drug or fluid in the outflow chamber of a drug infusion pump. 

The preferred embodiment of the present invention consists of an infusion pump 
comprised of two chambers. The first chamber is a storage chamber, which can hold a large 
volume of fluid under pressure. This pressure in the first chamber can be highly variable as long 
as it exceeds the required outflow pressure from the pump. Also, various different means can be 
used to generate the pressure on the fluid in the first chamber. The second chamber, which 
incorporates a flexible diaphragm attached to a valve, contains fluid delivered from the first 
chamber. The second chamber is maintained at a preset constant pressure. The pressure in the 
second chamber is determined by the area of the diaphragm and the external spring force applied 
to it. Fluid from the second chamber is infused into the patient through a flow restrictor which 
controls the rate of infusion. 

Accordingly, the current invention provides a new and improved infusion device for 
dispensing fluids and medications to a patient, provides a new and improved means for 
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represents the stretch of the elastomeric chamber, might be used to exert a force on the drug 
solution. 

In the representation shown, the outflow chamber 30 shares the wall structure 21 with 
the pressure storage chamber, the wall 21 being located between the two chambers. The outflow 
chamber has a separate diaphragm 32, and a spring arrangement 33. The outflow chamber 30 of 
the infusion pump 10 is interconnected to the storage chamber 20 by a valve arrangement 40 
which controls the fluid flow into the outflow chamber 30. The spring arrangement 33 functions 
as a force producing device causing the diaphragm 32 to exert a preselected force on the drug 
solution in the outflow chamber 30, When the pressure in the outflow chamber 30 falls below the 
preselected pressure, the force exerted on the diaphragm 32 by the fluid in the outflow chamber 
30 drops below the force produced by the spring arrangement 33 and the valve arrangement 40 
opens which allows high pressure fluid from the storage chamber 20 to enter the outflow chamber 
30. When the pressure in the outflow chamber 30 is the same as, or slightly exceeds, the 
preselected pressure, the force exerted on the diaphragm 32 by the fluid in the outflow chamber 
30 is greater than the force produced by the spring arrangement 33 and closes the valve 
arrangement 40. 

The pressure regulator shown is capable of regulating the pressure in the outflow chamber 
to ± 5%. Typical outflow pressures selected for infusion devices range from about 1 psi to over 
10 psi. Pressures in the storage chamber can range over 20 psi in some infusion devices. 

The storage chamber 20 of the infusion pump 10 is filled with fluid which is passed 
through the one-way check valve 50. The volume of fluid contained in the storage chamber 20 
will vary from a large volume, when filled, to empty as the contents of the infusion pump 10 are 
dosed to the patient. The pressure inside the storage chamber 20 may be highly variable 
depending on the force producing device selected to pressurize the storage chamber 20. 

The valve arrangement 40 will provide a steady, regulated flow of fluid from the storage 
chamber 20 into the outflow chamber 30. As fluid is administered from the outflow chamber 30 
to the patient, the pressure of the fluid in the outflow chamber 30 drops below the preselected 
outflow pressure, the valve arrangement 40 opens and allows fluid from the storage chamber 20, 
which is at a higher pressure than the preselected outflow pressure, to flow into the outflow 
chamber 30. When the pressure in the outflow chamber 30 reaches the preselected outflow 
pressure once again, the valve arrangement 40 closes. The volume of fluid contained in the 



outflow chamber 30 will usually be very small and the movement of the diaphragm 32 will be very 

, FluicH^rom the outflow chamber 30 is infused into the patient through a flow restrictor 60 

and catheter 70\<jjich are attached to the infusion pump 10 and control the flow rate of the fluid. 
5 A preferred arrangement for the catheter and flow restrictor, as described in U.S. Patent 

applications 09/400,579 filed September 22, 1999, is a catheter tube with a flow restrictor portion 
located within a section of the catheter tube such, that the flow rate can be adjusted by trimming 
the length of the flow restrictor portion and surrounding catheter tube assembly. The tubing can 
be trimmed at the time of manufacture or can be trimmed at a later time, such as when connected 
10 to the fluid delivery pump. 

The flow restrictor tubing can be any flexible micro-bore tubing that can be easily trimmed 
without distorting the trimmed end. The flow restrictor tubing is positioned within the lumen of 
^ the catheter tubing so that no fluid will flow between the outside of the flow restrictor tubing and 

£ 5 the wall of the lumen of the catheter tubing. In the device shown the catheter is attached to the 

oi 

sJ5- infusion device after trimming by means of a hollow needle on the end of the tubing, the needle 

H being used to pierce a rubber septum located in the wall of the flow chamber 30. However, one 

W skilled in the art will recognize that various different attachment means, such as a Touhy-Borst or 

s luer lock fitting can be used. 

O 

jfj As the catheter flow restrictor assembly is shortened by trimming, the flow rate will 

l }ko increase in linear proportion to the initial length of the flow restrictor tubing. For example, if the 

O length of the flow restrictor tubing is cut in half, the flow rate will double. 

Q 

The dimensions of the flow restrictor tube can be determined from Poiseuille's Law as 
expressed in the equation: 


Pr 4 

25 t? = — 

SLn 

where Q is the flow rate in cc/sec, P is the pressure drop through the tube in dynes/cm, r is the 
internal radius of the tube in cm, L is the length of the tube in cm, and n is the viscosity in poise of 
the fluid flowing through to tube. From this equation it can be seen that flow rate is inversely 
30 related to the length of the flow restrictor tube. For example, if the tube length is cut in half, the 
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„ Ues I.ITalso be seen that the flow rate is related to the fourth power of Ore 
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Q ID 

y. 0.0031" 

W 0.0028" 

Q 0.0025" 

So 0.0022" 


0.5 ml/hr 

1.0 ml/hr 

2.0 ml/hr 

4.0 ml/hr 

8.80 

4.40 

2.20 

1.101 

5.85 

2.93 

1.47 

0.74 

3.70 

1.86 

0.93 

0.47 

2.22 

1.11 

0.56 

0.28 


. . ^ • arpO 0003 to 0 0005 resulting in outer 

Typical wall thicknesses of the polymnde inner tube are 0.0003 

„lm abou. 0.00, .o abou. 0.00,1. , is possible that ^ 

„ of .e flow - - - - 

„ cancauseaiargevanauon * 8 ^ of the ca.he.er and flow 

fourth power of the d,ame,er. T erefore pa* ^ ^ ^ ^ 

restrictor tube assembUes, the a«ual flow rate of me assembly c 

m m this wav orecise flow rate assemblies can be manufactured. 
30 restrictor assembly. In this way precis 


7 



'The flow rate of a fluid through a flow restricting device is dependent on the pressure drop 
f across thk flow restricting device. By maintaining a constant pressure in the outflow chamber of the 
pump, the amount of drug administered to the patient will be constant. As shown in the 
embodiment orRg. 2, a catheter assembly 170, including a flow restrictor tube 160 with a needle 60 
attached to the encfof the catheter using a cyanoacrylate adhesive filler material, is utilized. The flow 
rate of the flow resticfor tube 170 had been measured and calibrated using flowing water at 6.0 psi. 
The actual flow rate wasahen determined, and the length of restrictor tube was cut to obtained the 
desired flow rate. After tnfe flow restrictor tubing had been trimmed, a polyurethane catheter was 
placed over the flow restrictorSube and sealed to the needle using cyanoacrylate adhesive to form the 
catheter assembly 170. While parfckailar types of flow restrictors are described, it will be appreciated 
that other styles of fluid delivery deuces might be attached to the infusion pump to administer the 
drug solution to the patient. 

FIG. 2 is a cross-sectional view of an operable prototype of the present invention. FIG. 3 is 
an enlarged cross-sectional view of the pressure regulator components at the junction between the 
fluid storage chamber and the outflow chamber. Infusion pump 110 includes a variable volume and 
pressure storage chamber 120 formed by two elastomeric bladders 123. As fluid is placed into the 
infusion pump 1 10 through a one-way check valve 150, the elastomeric bladder 123 expand to hold 
the fluid and maintain it under pressure. The elastomeric bladders 123 will expand until they fill the 
volume inside the outer shell 1 1 1 of the infusion pump 110. In the preferred embodiment shown the 
volume of fluid held in the storage chamber is about 200 ml. However, typical devices hold from 
about 50 ml to over 500 ml of fluid. The outflow chamber holds about 2 ml to about 10 ml of fluid. 
The pressure applied to the fluid in the storage chamber by the elastomeric bladders typically range 
from about 6 psi to 25 psi. This pressure is selected so that, as a minimum, it exceeds the desired 
pressure of the outflow chamber 130, discussed below. 

Fluid held in the storage chambers 120 under high pressure flows through the valve 
arrangement 140 into the outflow chamber 130. The spring arrangement 133 functions as a force 
producing device causing the diaphragm 132 to exert a preselected force on the fluid in the outflow 
chamber 130. This causes the valve 140 to open and close as the pressure in the outflow chamber 
130 varies as fluid flows out of the outflow chambers 130 to the patient. This produces a steady, 
pressure regulated, flow of fluid from the storage chamber 120 into the outflow chamber 130, and 
from the outflow chamber 130 through the catheter assembly 170 to the patient. When the pressure 
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of the fluid in the outflow chamber 130 reaches the preselected pressure (i.e., above 6.0 psi) the valve 
arrangement 140 closes blocking any further flow of fluid into the outflow chamber 130. When the 
pressure of the fluid in the outflow chamber 130 drops below the preselected pressure (i.e., below 6.0 
psi) the valve arrangement 140 opens and allows higher pressure fluid from the storage chambers 120 
to flow into the outflow chamber 130 bringing the pressure back up to the desired set point. 

In the preferred embodiment the pressure of the drug in the outflow chamber is maintained at 
6.0 psi ± 5% with an outflow rate up to about 20 ml/hr depending on the number of catheter 
assemblies attached and the internal diameter and length of the flow restrictor 160 portion of delivery 
catheters attached to the pump. The pressure in the outlfow chamber 130 is preselected by adjusting 
the set screw 134 which compresses spring 133. Fluid flows from the outflow chamber 130 at a 
constant pressure (i.e. 6.0 psi) through the catheter assembly or assemblies 170 to the patient. In the 
preferred embodiment shown, the catheter is attached to the infusion pump using a needle 60, the 
needle being inserted through an elastomeric septum 112. 

While silicone polymer is a preferred material for the diaphragm 132 and the bladder 123 
constituting the storage chambers 120, as well as the washer 136, which aids in sealing the one way 
valve, other elastomeric materials may be used such as polyisoprene or polyurethanes. 

Other components which may be incorporated in the infusion device are a 5^ hydrophilic fluid 
filter 138 placed between the storage chamber 120 and the valve arrangement 140, and an air vent 
filter 142, preferably a 0.45n hydrophobic filter, in the outflow chamber 130. As shown in Fig. 2, a 
pin or hollow rod 144 is enclosed within the bladders 123 to eliminate residual volume when the 
storage chamber 120 has emptied and the bladders 123 have fully collapsed. A piece of double-stick 
foam 152 is placed on the upper surface of the infusion pump 1 10 and over the adjustment screw 134 
for use in retaining the catheter assembly 170 in place. The top of the infusion pump is enclosed by 
the removable cover 146 which protects the catheter 170 from damage or removal during use. In the 
embodiment shown the shape of the cover is designed to gently trap the catheter 170 against the 
upper adhesive face of the foam tape 152 without constricting flow through the catheter. The cover 
146 is held in place by sealing cap 148 which twists on to close the feed opening of the one way fill 
valve 150 while at the same time contacting the outer surface of the cover, holding it in place. 

It is evident from the foregoing that there are many additional embodiments of the present 
invention which, while not expressly described herein, are within the scope of this invention and may 
suggest themselves to one of ordinary skill in the art. For example, while FIG.. 2 shows two separate 
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